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THE COMPARATIVE POTENCY OF HYDROCORTISONE ANALOGS
IN SUPPRESSING GROWTH OF HAIR IN THE RATI*
KIMIE FIJKUYAMA2 AND B. L. BAKER
Whitaker and Baker (1, 2) have demonstrated
that naturally-occurring adrenocortical steroids
induce local inhibition in growth of hair in the
rat when applied directly to the skin. They
showed also that the descending order of effec-
tiveness of these compounds is hydrocorti-
sone, cortisone, corticosterone, 11 -dehydrocorti-
costerone and 11-desoxycorticosterone (3). With
the objective of finding a still more potent com-
pound, several analogs of hydrocortisone have
been compared with respect to their capacity to
suppress growth of hair. The results are reported
herein.
MATERIAL AND METHODS
The experimental procedure for local applica-
tion was that of Whitaker and Baker (3). Adult
male rats of the Long-Evans strain were dis-
tributed throughout the experimental groups so
that litter mates were compared under different
treatments. The analogs3 were dissolved in 25%
ethanol and 5.0 jig. of each steroid in 0.1 ml. of
of solution were applied daily to a small area
caudal to the right ear. An equal volume of 25%
ethanol was applied to the same area on the con-
trol animals. Hair was clipped from the dorsum of
the neck prior to initiation of treatment and
weekly thereafter following the recording of the
extent and pattern of hair growth. This pro-
cedure was continued for seven weeks. Since the
pattern of hair growth in the rat is bilaterally
symmetrical, inhibition was present if hair failed
to appear in the treated area but did grow in the
comparable area on the left untreated side.
The scoring system was as follows: two points
* From the Departments of Dermatology and
Syphilology and of Anatomy, University of Mich-
igan Medical School, Ann Arbor, Michigan
Received for publication May 1, 1958.
1 Supported in part by research grants from theNational Institutes of Health, United States
Public Health Service (A-131 (C5)), the University
of Michigan Memorial-Phoenix Project 145 and
The Upjohn Company.
2 University of Michigan Barbour Fellow.We wish to thank Dr. J. A. Hogg of The Up-john Company and Dr. Elmer Alpert of Merck
and Co., Inc., for supplying the analogs used in
this study.
327
were given for each week in which inhibition was
noted. Promptness in response was recognized
by adding a figure equal to the number of weeks
between the first appearance of inhibition and
the end of the seven-week period of study. Two
points were subtracted for each observation in
which more hair was found in the treated area
than in the nontreated area. One point was sub-
tracted for each week in which a small amount of
hair appeared in a treated area which was pre-
viously without hair. The maximal score that
could be attained was 21 points. The scores for
all rats treated with one analog were averaged
and corrected by subtracting the average score
made by the alcohol-treated controls. Then, the
effectiveness of each analog was compared with
that of hydrocortisone in the ratio of the score
for an analog/the score for hydrocortisone.
When it was discovered that 9a-21-difluoro-
21-desoxyhydrocortisone was a highly potent
compound, an additional experiment was carried
out to study the relationship of response to dose.
For this purpose, doses of 5.0, 2.5 and 1.25 g.
were administered daily.
Four to six animals which received the same
analog were caged together during the experi-
ment. They were fed ad libitum a diet consisting
of Purina laboratory chow supplemented with
cod liver oil and lettuce.
OBsERvATIONS
Hydrocortisone inhibited hair growth on some
rats as early as two weeks after the initiation of
treatment. However, the low daily dose of 5.0 g.
did not maintain this inhibition during the suc-
ceeding weeks. Inhibition occurred in 59% of the
rats in this group.
1-hydrocortisone elicited a response in 81%
of the animals, the initial inhibition occurring
during the third week in those rats which re-
sponded. This compound was 1.86 X as potent
as hydrocortisone (table 1). '-cortisone was also
1.75X more potent than hydrocortisone, with
inhibition being observed in 100% of the animals.
With 9a-fluorohydrocortisone, all of the rats
showed inhibition between the first and the fifth
328 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
TABLE 1
Comparative growth-inhibiting potency of steroid
analogs
No. ofCompound Rato
Corrected Score for
Srore* F Analog/Score for F
Ethanol 25 Of
Hydrocortisone (F) 24 4.02 1.0
1'-lIydrocortisone 11 7.48 1.86
a1-Cortisone 7 7.05 1.75
9a-Fluorohydrocortisone. 10 12.48 3.10
2-methyl-Hydrocortisone 7 9.98 2.48
2-methyl-9a-Fluorohy-
drocortisone 7 13.33 3.31
21-Desoxyhydrocortisone 11 0.29 0.07
21 -fluoro-21 -Desoxyhy-
drocortisone 16 7.98 1.98
9ce-21-difluoro-21-Des-
oxyhydrocortisone 16 15.10 3.75
21-Fluoroprogesterone.. . 15 0.21 0.05
* Score obtained minus that for the alcohol-
treated controls.
f This score was considered 0 since the score
actually made by the alcohol-treated rats was
subtracted from all other scores.
TABLE 2
The Dose-Response Relationship for 9a-21-difiuoro-
21 -Desoxyhydrocortisone
Compound DooagePer Day
No. of
Rato
Corrected
Score
ce
25% Ethanol
9a-2l -difluoro-21 -Des-
6 0
oxyhydrocortisone
9a-2l -difluoro-21 -Des-
5.0 6 12.8
oxyhydrocortisone
9a-2l -difluoro-21 -Des-
2.5 6 10.1
oxyhydrocortisone 1.25 6 3.8
weeks of treatment, the effect then persisting
throughout the experimental period. Two-
methyl-hydroCortisone and 2-methyl-9a-fluoro-
hydrocortisone were effective in 85% of the
animals. With the latter compound inhibition was
observed Continuously once it had appeared.
Twenty-one-desoxyhydroeortisone gave a re-
sponse in only 18% of the animals and was much
less effective than hydrocortisone. Twenty-one-
fluoro-21-desoxyhydroeortisone was 2 x as potent
as hydrocortisone, with inhibition occurring in
92% of the animals treated. Nine a-21 -difluoro-21-
desoxyhydrocortisone was 3.7 x as effective as by-
droeortisone and gave the highest score (15.10).
All of the treated animals exhibited inhibition
and one of them reached the highest possible
score of 21. With reduction in dosage a declining
response was obtained, a daily dose of 1.25 pg.
being close to the minimal effect level (table 2).
DISCUSsION
With respect to the local growth-inhibiting
action of hydroeortisone analogs, several sig-
nificant inferences may be drawn from these
data. Whitaker and Baker (3) showed previously
the importance of oxygenation at C-il and hy-
droxylation at C-17. The present study demon-
strated the importance of oxygenation at C-21
since 21-desoxyhydrocortisone was less than
%o as potent as hydroeortisone.
Fluorination led to a marked increase in ac-
tivity of the steroids. This may not have been
due to the fluorine itself since fluorination of
progesterone failed to create an active compound.
In contrast fluorination did increase the growth-
inhibiting potency of hydrocortisone and of 21-
desoxyhydroeortisone. With respect to the latter
eompound, addition of fluorine at C-2l increased
its activity 28 x and addition of a second fluorine
atom at C-9 almost doubled the activity again.
\\Then various steroid analogs are compared
for biological activity by different tests it is clear
that one cannot predict from one test to another
what results maybe obtained (table 3). Inhibition
of hair growth is probably a reflection of the
activity of the steroids on organic metabolism
and, therefore, our results should resemble those
obtained by others who used liver glycogen
deposition, anti-inflammatory action with the
cotton pellet teehnie, or thymie involution as
bases for assay. The order of activity for certain
of the analogs resembles most closely the results
obtained with the anti-inflammatory test. It
may be pertinent that suppression in growth of
tissue is the basic response which occurs in our
study on hair growth and, also, in the anti-
inflammatory test when the cotton pellet method
is utilized.
The exact mechanism by means of which
adrenocortical steroids induce growth inhibition
by local aetion is unknown. Presumably it re-
sults from their action on protein since Engel
(4) and others have postulated that they
eatabolize protein directly. More recently Noall,
el al. (5) presented evidence which they inter-
preted to indicate that peripheral breakdown of
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protein is secondary to a concentrative uptake of
amino acids by the liver. If the latter hypothesis
is tenable, the local growth-inhibiting action of
adrenocortical steroids, and presumably of their
analogs, must result from some other mechan-
ism because the liver cannot be involved inti-
mately in this response.
Finally, why does the hair-forming apparatus
of the rat respond differently to adrenoeortieal
steroids as compared with that of man? In the
rat, systemic administration of eortieotropin
(6), the C-il oxygenated steroids (hydrocortisone
or cortisone) or the direct application of the latter
to the skin (1) inhibits growth of hair; conversely,
adrenaleetomy accelerates the rate at which hair
grows (7). In man, treatment with excessive
doses of C-il oxygenated steroids may induce
hirsutism (8) while adrenoeortieal insufficiency
may be accompanied by loss of pubic and axillary
hair (2, 9). Man and the rat may exhibit con-
trasting responses because of either a difference
in responsiveness of the hair-forming tissue to
the hormones or a difference in the in vivo catab-
olism of the steroids. In man adrenoeortieal ster-
oids are metabolized to compounds possessing
androgenie properties (10). Thus, in the rat in-
hibition of hair growth probably results from the
catabolic effect of excessive amounts of adreno-
cortical steroids while in man, stimulation of hair
growth may result from the anabolie action of
androgenie metabolites.
sUMMARy
Seven analogs of hydrocortisone were com-
pared with respect to their growth-inhibiting
capacity, with local suppression of hair growth
serving as the end-point. Unsaturation at C-l
and C-2 induced a moderate increase in activity
(a'-hydroeortisone). Methylation at C-2 pro-
duced a greater increase (2-methylhydroeortisone).
Fluorination of hydroeortisone at C-9 (9a-fluoro-
hydroeortisone) produced a more highly active
compound while fluorination of 21-desoxyhydro-
cortisone at C-9 and C-2i produced the most
potent compound.
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lot
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St
9t
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8.81 3.0
2.3
3.0
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